Objective. The purpose of the present investigation was to examine the microbiota of acute periradicular abscesses of endodontic origin by using a molecular genetic method.
The egress of microorganisms and their products from the root canal system into the periradicular tissues can cause tissue damage and precipitate periradicular inflammation. 1, 2 The severity of the tissue injury will depend on the number and the virulence of microorganisms that gain access to the periradicular tissues. The intensity of the host response is usually directly proportional to the intensity of the injury. An acute periradicular abscess can develop as a result of the excessive and sudden microbial invasion of periradicular tissues. Pus formation results from the release of oxygen-derived free radicals, such as superoxide and hydrogen peroxide, and lysosomal enzymes by polymorphonuclear neutrophils, such as elastase, collagenase, and gelatinase, which are the major mechanisms involved in the destruction of the connective tissue extracellular matrix. 1 Acute periradicular abscesses are clinically characterized by pain or swelling, or both, and have the potential to spread to sinuses and other facial spaces of the head and neck.
Several cultural studies have revealed that the microbiota associated with acute periradicular abscesses are usually polymicrobial, with a mean number of species ranging from <3 to 8.5 per specimen. [3] [4] [5] [6] [7] [8] [9] [10] Obligate anaerobic bacteria are the most common isolates, including members of the genera Porphyromonas, Prevotella, Fusobacterium, Peptostreptococcus, and Eubacterium. In addition, some facultative bacteria, such as streptococci, have also been frequently isolated from acute abscesses of endodontic origin.
A new era has been announced for diagnostic microbiology. Methodology that is based on nucleic aciddetection has been introduced in both research and clinical laboratories and is revolutionizing the knowledge about several infectious diseases and allowing effective and rapid diagnosis of several diseases. 11, 12 Recently, a method was introduced for hybridizing large numbers of DNA samples against large numbers of DNA probes on a single support membrane-the checkerboard DNA-DNA hybridization. 13 It permits the simultaneous determination of the presence of a multitude of bacterial species in single or multiple clinical samples. The method does not require bacterial viability and is particularly applicable in epidemiologic research. Various studies using this molecular method have considerably enhanced the understanding of the microbiology of periodontal diseases. [14] [15] [16] Microbiological evaluation of acute periradicular abscesses by DNA-DNA hybridization
The purpose of this study was to investigate the microbiota associated with acute periradicular abscesses of endodontic origin using the checkerboard DNA-DNA hybridization assay.
MATERIAL AND METHODS

Specimen sampling
The examined material was selected from adult patients who had been referred for emergency treatment to 3 hospitals in Rio de Janeiro, Brazil. Samples were collected from 27 teeth, all of them having carious lesions, necrotic pulps, and radiographic evidence of periradicular bone loss. Pain and swelling were present in all cases, which were diagnosed as acute periradicular abscesses according to criteria established by Torabinejad and Walton. 2 Three patients reported fever; 2 made use of antibiotics. Patients' ages ranged from 18 to 60 years.
Samples were collected by using strict asepsis. After disinfection of the oral mucosa with 2% chlorhexidine digluconate, pus from the abscessed teeth was collected by aspiration with a sterile syringe, transferred to cryotubes containing 1 mL of 5% dimethyl sulfoxide in trypticase-soy broth (Difco, Detroit, Mich, USA) and immediately frozen at -20°C.
DNA extraction and preparation of DNA probes
Bacterial strains from lyophilized stocks (Table I) were grown anaerobically on the surface of blood agar plates for 3 to 7 days. The growth was harvested and placed in 1.5-mL microcentrifuge tubes containing 1 mL of TE buffer (10 mmol/L Tris-HCl, 0.1 mmol/L EDTA, pH 7.6). Cells were washed 2 times by centrifugation in TE buffer at 2500 × g for 10 minutes. The cells were resuspended and lysed with either 10% SDS and Proteinase K (20 mg/mL; Sigma Chemical Co, St Louis, Mo, USA) for gram-negative strains or in 150 µL of an enzyme mixture containing 15 mg/mL of lysozyme (Sigma) and 5 mg/mL of achromopeptidase (Sigma) in TE buffer (pH 8.0) for gram-positive strains. The pelleted cells were resuspended by 15-second sonication and incubated at 37°C for 1 hour. DNA was isolated and purified by using the method described by Smith et al. 17 The concentration of the purified DNA was determined by spectrophotometric measurement of the absorbance at 260 nm. The purity of the preparations was assessed by the ratio of DNA to protein as measured by the ratio of the absorbances at 260 nm and 280 nm. Whole-genomic DNA probes were prepared from each of the test species by labeling 1 µg of DNA with digoxigenin (Boehringer Manheim, Indianapolis, Ind, USA) using a random primer technique. 18 Clinical samples were thawed to 37°C for 10 minutes and vortexed for 30 seconds. Microbial suspension was washed 3 times with 100 µL of bidistilled water by centrifugation for 2 minutes at 2500 × g. Pellets were then resuspended in 100 µL of bidistilled water, boiled for 10 minutes, and chilled on ice. After centrifugation to remove cell debris for 10 seconds at 9000 × g at 4°C, the supernatant was collected for testing.
Microbiologic assessment
The checkerboard DNA-DNA hybridization technique used was a modification 19 of that described by Socransky et al. 13 Briefly, denatured DNA from the clinical samples was fixed in individual lanes on a nylon membrane by using a Minislot (Immunetics, Cambridge, Mass, USA). A "Miniblotter 45" apparatus was used to hybridize the digoxigenin-labeled whole chromosomal DNA probes (Table I ) at 90°to the lanes of the clinical samples. After overnight hybridization at 42°C, membranes were washed at low and high stringency and bound probes were then detected with phosphatase-conjugated antibody to digoxigenin and with chemiluminescence. The sensitivity of this assay was adjusted to permit detection of 10 4 cells of a given species by adjusting the concentration of each DNA probe. This procedure was carried out to provide the same sensitivity of detection for each species.
Amplification by the polymerase chain reaction
To confirm the presence of bacterial DNA in pus samples, a polymerase chain reaction (PCR) was performed. A pair of ubiquitous primers (5´-GAT TAG ATA CCC TGG TAG TCC AC-3´ and 5´-CCC GGG AAC GTA TTC ACC G-3´; Oligos Etc Inc, Wilsonville, Ore, USA) that match almost all bacterial 16S rRNA genes at the same position-but not 18S rRNA gene from eukaryotic cells-was used to indicate the presence of bacteria in the clinical samples. 20 Aliquots of 5 µL of the supernatant from clinical samples were amplified. PCR was performed in 50 µL of reaction mixture containing 1 µL of each primer (40 pmol), 5 µL of 10X PCR buffer (Gibco BRL, Gaithersburg, Md, USA), 1.25 unit of Taq DNA polymerase (Gibco BRL), and 0.2 mmol/L of each deoxynucleoside triphosphate (dATP, dCTP, dGTP, and dTTP; Gibco BRL). Earlier experiments found optimal MgCl 2 concentration in the mixture to be 2.0 mmol/L.
Preparations were overlaid with 2 droplets of mineral oil and amplified in a DNA thermocycler (PTC-100; MJ Research, Inc, Watertown, Mass, USA). The PCR temperature profile included an initial denaturation step at 95°C for 2 minutes, followed by 36 cycles of a denaturation step at 95°C for 30 seconds, a primer annealing step at 60°C for 1 minute, an extension step at 72°C for 1 minute, and a final step of 72°C for 2 minutes. PCR products were analyzed by 1.5% agarose gel electrophoresis performed at 4 V/cm in Tris-borate EDTA buffer. The gel was stained with 0.5 µg/mL ethidium bromide and photographed under ultraviolet light. A 100 base-pair DNA ladder digest (Gibco BRL) served as the molecular weight marker.
RESULTS
All 27 aspirates of pus from periradicular abscesses contained bacteria as demonstrated by PCR using the ubiquitous bacterial primer pair. Only one band of the predicted size (602 base-pairs) was present for each root canal sample (data not shown). Such results indicated that bacteria were present in all cases sampled.
The results of the checkerboard DNA-DNA hybridization analysis revealed that 37 of the 49 DNA probes tested were reactive with one or more pus samples. Eighteen of the 27 samples (66.7%) were positive for at least one DNA probe. One or more anaerobic bacterial species were found in 16 of the 18 positive cases. Of the Tables II and III. The number of bacterial species per pus sample ranged from 1 to 33 (mean, 5.9). Excluding a very discrepant case containing 33 bacterial species, the mean number of species per sample was 4.3 (range, 1-11). Mixed bacterial populations were observed in 11 of the 18 positive cases.
DISCUSSION
Culture procedures have traditionally been used as the reference standard in the assessment of the microbiota associated with various infectious diseases, including infections of endodontic origin. It has been revealed that the serial dilution anaerobic culture procedure of plaque samples recovered a relatively small percentage of the microscopic count obtained on the same sample. 16, 21, 22 Species identification is undertaken on agar plates from the highest sample dilution, which may not be adequately representative of the obtained sample. In addition to the shortcomings of dilution, nonviable, uncultivable, or fastidious bacteria contribute to the failure of a culture method.
Loesche et al 22 compared the ability of several detection methods (ie, a serial dilution anaerobic culture, a microscopic procedure, a DNA probe procedure, and immunologic reagents using both ELISA and indirect immunofluorescence assay) to detect Treponema denticola, P gingivalis, B forsythus, and Actinobacillus actinomycetemcomitans in subgingival plaque samples. They defined as a true positive result the consensus of at least 3 or 4 of the detection methods. The culture procedure was the poorest detection method. They concluded that there are no gold standards for the detection of those 4 species in plaque samples.
Papapanou et al 16 with culture data. In addition, the checkerboard method resulted in statistically significantly higher bacterial counts for the majority of the species. Conversely to the conventional culture procedures, molecular techniques do not depend on sampling under carefully controlled anaerobic conditions, do not require special transport media, and do not require cultivation of the isolates. These advantages ensure the detection of uncultivable or difficult-to-grow bacteria. DNA-DNA hybridization technology has the additional advantage that DNA is not amplified. 23 Thus, microbial contaminants are not cultured, nor is their DNA amplified. Because the numbers of contaminating microorganisms are not increased, one may assume that, if present, they would be in numbers below detection limits of the checkerboard DNA-DNA hybridization method, which was established at 10 4 bacterial cells.
On the basis of these reports, one should bear in mind that, because of the absence of an indisputable reference standard, no definitive conclusions may be drawn with respect to the ability of a technique to better reflect reality. However, as stated by Papapanou et al, 16 because DNA-DNA hybridization usually detects target microbial species, the major advantage of the culture procedure is its capability to detect the unexpected.
The sensitivity of the DNA-DNA hybridization assay used in this study was set to 10 4 cells of a bacterial species by adjusting the concentration of each DNA probe in the hybridization buffer. With regard to the specificity of the method, Socransky et al 14 reported that more than 92% of all test probes/heterologous species reactions did not exhibit cross-reactions under the conditions of the assay. Some probes-as those to B forsythus, P gingivalis, and T denticola-did not exhibit cross-reactions with any heterologous species tested. When cross-reactions were observed, they were always within genera and were quite limited. For example, cross-reactions within the genus Streptococcus were minimal, always exceeding 100:1 for homologous/heterologous species, although Streptococcus oralis, Streptococcus mitis, and Streptococcus sanguis showed no cross-reactions with Streptococcus intermedius and S constellatus.
Mixed bacterial populations were observed in 11 of the 18 positive cases. Nonetheless, it does not necessarily mean that monoinfections occurred in the other 7 cases. Because the DNA-DNA hybridization method used in this study provides information regarding only the target bacterial species, it is possible that other non-target species could have been present. In addition, the possibility that even some target species were present but not detected cannot be discarded, because negative results indicate that the target bacteria either was absent or was present in numbers below the threshold of detection. The same explanation is valid for the 9 cases that were negative for the 49 probes used but were positive in PCR for ubiquitous bacterial DNA.
The number of bacterial species per purulent sample ranged from 1 to 33 (mean, 5.9). Excluding a very discrepant case containing 33 bacterial species, the mean number of species per sample was 4.3 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . This figure is comparable with those of other studies, which have observed a mean number of species ranging from 2.1 to 4.86, [3] [4] [5] [6] [7] [8] 10 except for the study of Sundqvist et al, 9 which reported a mean number of 8.5 species per sample.
Although there is as yet no definitive documentation that a single microbial species is involved in the etiology of periradicular diseases, evidence suggests that acute periradicular abscesses may be associated with particular microbial species. [3] [4] [5] [6] [7] [8] [9] [10] [24] [25] [26] [27] [28] Blackpigmented anaerobic rods have been closely associated with acute symptoms of endodontic infections. 3, 7, 9, 10, [24] [25] [26] [27] [28] van Winkelhoff et al 28 found that all abscesses of endodontic origin examined harbored one or more species of the genera Prevotella and Porphyromonas. P intermedia were found in 63%, Porphyromonas endodontalis in 53%, and P gingivalis in 12% of the examined abscesses. Sundqvist et al 9 reported that one or more species of black-pigmented anaerobes were present in 94.1% of the cases diagnosed as acute periradicular abscesses. P intermedia were recovered from 58.8% of the cases, P endodontalis from 23.5%, and P gingivalis from 5.9%. Oliveira et al 29 detected P endodontalis in 66.7% of the abscessed cases by using a highly sensitive PCR assay. Siqueira et al 30 examined pus from acute periradicular abscesses through a 16S rRNA-based PCR and reported the occurrence of P endodontalis in 70% and P gingivalis in 40% of the cases. In the present study, one or more species of black-pigmented anaerobic rods were found in 11 cases (40.7%). P gingivalis was one of the most prevalent species-present in 29.6% of the pus samples. In decreasing order of prevalence, the most-oftendetected black-pigmented bacteria were P intermedia and P nigrescens (both occurring in 22.2% of the cases), as well as P endodontalis (14.8%). Prevotella melaninogenica was not detected in any abscess sample. Although we found a relatively smaller prevalence when compared with most of the previous studies, our results confirmed the suggestion that black-pigmented bacteria may be involved in the pathogenesis of the acute periradicular abscess.
Members of the Streptococcus anginosus group and Fusobacterium species were also among the mostoften-detected bacteria in the abscessed cases examined herein. These findings are in agreement with those of previous studies. [3] [4] [5] 8, 10, 31, 32 Fisher and Russell 33 investigated 45 samples from periradicular abscesses. Members of the S anginosus group were isolated from 16 patients (37%), with 15 being identified as S anginosus and 1 as S intermedius. Schuman and Turner 24 cultured the aspirates from 50 patients with oral abscesses and observed that streptococci of the anginosus group were recovered from 22% of the abscesses. According to them, patients with oral abscesses infected with these streptococci are likely to have more rapid onset of infection. Heimdahl et al 32 reported that the occurrence of F nucleatum (56% of the cases) appeared to be associated with the severity of acute orofacial infections of odontogenic origin. Whereas F nucleatum has frequently been found in infections of endodontic origin, F periodonticum had rarely or never been detected in such infections. We detected each of these species in 18.5% of the abscessed cases examined. Because studies have shown that strains of streptococci of the anginosus group and F nucleatum can induce abscesses in experimental animals when in pure and/or in mixed cultures, they might be involved in the pathogenesis of acute periradicular infections. [34] [35] [36] [37] The role of F periodonticum in the pathogenesis of acute periradicular lesions awaits further investigation.
With P gingivalis, B forsythus was the most prevalent bacterial species in the abscesses evaluated in this study. B forsythus is also considered an important periodontopathogen. 14 Because B forsythus is a slow-growing, fastidious microorganism that is difficult to culture, it had not been carefully investigated in endodontic infections. It is apparent that the prevalence of B forsythus in infected root canals had been underestimated because of its poor growth on culture media and its occurrence at levels below the levels of detection by the culture method. Recent molecular studies have detected it in root canal infections. 19, 38, 39 Up until now, the current study was probably the first study to report a relatively high prevalence of this species in acute periradicular abscesses. B forsythus produces a trypsin-like enzyme, which can be an important virulence factor in endodontic abscesses. Other possible virulence factors include lipopolysaccharide, alkaline phosphatase, acid phosphatase, propionate, isovalerate, phenylacetate, and butyrate. It has been reported that B forsythus strains did not cause abscess formation by monoinoculation. 40 However, B forsythus coinoculated with F nucleatum caused abscess formation in rabbits. Combinations of B forsythus strains with P gingivalis were highly virulent and invasive, as revealed by the wound-chamber method in rabbits. In the present study, B forsythus was always found combined with other bacterial species, except in the instance of one case.
Even in such a case, because of the inherent limitations of the evaluation method used as discussed earlier, one cannot state that it was present in monoinfection.
The results of the present study support the current concept that the etiology of acute periradicular abscesses is polymicrobial. Molecular technology has at least extended the number of detectable species associated with infections of endodontic origin.
